Extreme physical exercise is potentially harmful or even lethal activity. It is associated with several compensatory mechanisms focused on increasing functional capacity. Hormonal and metabolic pathways rearrange to maintain glucose supply in working tissue. Cardiovascular system substantially increases cardiac output and redistributes blood flow in working muscles. Respiratory system increases tidal volume and respiratory rate. Immune system and other systems are also affected.
more often exposed to possibly harmful extreme physical exercise. Despite physical training and equipment, cases of physical overload are not rare. In military setting, diagnostic and therapeutic options are often limited. Without complex understanding of participating pathophysiological mechanisms an interpretation of clinical findings might be confusing and treatment inefficient or even deleterious. Unfortunately, evidence of pathophysiological mechanisms involved in harmful effects of exhaustion is scarce.
METABOLIC AND ENDOCRINE CHANGES
There are documented many metabolic, endocrine and immune changes during physical exercise [7, 8] . The spectrum of changes and the organism response depends both on individual training and type of physical stress [9, 10] . It is also know that there are gender differences. For example, there is a higher carbohydrate oxidation in men when compared to women [11] . The autonomic nervous system plays the main role in these adaptive changes by increasing the production of adrenaline, noradrenaline and cortisol. These hormones influence the metabolic changes leading to a boosting in energy supply, and are of extreme importance in maintaining an adequate glucose metabolism during strenuous exercise.
In healthy but poorly trained individuals, glucose reserves are rapidly consumed by above-mentioned contraregulatory hormones with subsequent hypoglycemia. For example, plasma level of adrenaline is higher in the hypoglycemic subjects during exhaustive exercise (probably as a stress response). However, even in well-trained individuals, the hypoglycemia is common [12] . Remarkably, hypoglycemia may persist several hours after exercise. Main reason for persistent hypoglycemia is depletion of glycogen stored in liver and muscles after prolonged exercise [13] . Moreover, prolonged exhaustive exercise with hypoglycemia elicits a decrease in brain glycogen due to an increase in brain monoamines (i.e. noradrenaline and 5-hydroxytryptamine), which contributes for the central nervous system fatigue [14] . Both mechanisms are expected to be important sources of fatigue during the exercise. Hypoglycemia is preventable by adequate preexercise feeding with carbohydrates, but it can be induced by a prior carbohydrate meal with high glycemic index. Intake of glucose (about 60 g per hour) during higher intensity training also prevents hypoglycemia, but seems did not alter perceived exertion or delay exhaustion [12, 15] . Muscular exercise is also associated with an intracellular accumulation of lactate, which may eventually result in acidification of the organism. Beneficial effect of acidosis is facilitated release of blood oxygen in tissues. Despite this mechanism can bridge the oxygen demand during exhaustive activity, it can also result in oxygen deficit [16] . Hypoxia is considered to be a contributor of fatigue in muscles.
A marked increase in the plasma fatty acid level, which may occur after liver glycogen depletion ("crisis of 30 th kilometer") or during intermittent exercise when the rate of fatty acid oxidation do not match the mobilization of fatty acids, could be also indirectly involved in fatigue [17] .
Exercise is associated with transmembrane movements of minerals, water and an accompanying cell swelling. The Na,K-ATPase is the major translator of metabolic energy in the form of ATP to electrical and chemical gradients for the two most common ions in the body [18] . The Na,K-ATPase catalyzes the efflux of three Na + and the influx of two K + ions per molecule of ATP hydrolyzed, thereby maintaining the steep transmembrane concentration gradients for Na + and K + that play a vital role in many biological processes.
Regulation of the Na,K-ATPase is therefore important for muscle functioning. It is generally accepted that the Na,K-ATPase is up regulated during muscle activity by a multifactorial process that includes sensitivity to hormones and elevated intracellular Na + concentrations [19] . It is well documented, that prolong exercise in athletes or military personnel often come into exertional hyponatremia [20] . Main source of hyponatremia is not only excessive sweating and salt-free fluid intake. It is complex, idiosyncratic, and unrelated to body weight measurement, thirst, and sodium consumed. Cerebral edema due to severe dilutional hyponatremia can cause rare sport-related death in young healthy athlete. Using emergent infusion of intravenous hypertonic saline to reverse cerebral edema is, on the basis of validated clinical paradigm, the only live saving option. Avoiding overhydration seems to be the most important means for preventing hyponatremia, otherwise sodium intake in supplements has minimal responsibility for this state [21] . There is no evidence
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that drinking to stay ahead of thirst, as a popular mantra, during exercise produces a more beneficial outcome than using thirst to drive fluid intake. Proper hydration is important, but perpetuation of the myth that one needs to drink much more beyond the dictates of thirst can be deadly [22] .
The rise of plasma K + concentration during high intensity exercise is due to an initially rapid loss of K+ from the exercising muscle to the circulation. The K+ loss is primarily governed by the balance between K + efflux rate from the muscle cells and the reuptake rate. Increase in plasma K+ level rise faster with increasing exercise. Moderate to severe hyperkalemia is detectable at peak exercise, but resolves after few minutes of rest [23] . The interstitial K + concentration is important for cell excitability and, thereby, for development of fatigue. It is also expected to play a role in regulation of muscle perfusion as well as cardiac and ventilator adjustments via muscle metaboreflexes [24] . It is suggested that prolong training is consistent with improved plasma and skeletal muscle K+ regulation [25] . As a vital factor for the prevention of dangerous fluctuations in homeostasis appears adequate nutrition before and during physical load [13] .
CARDIOVASCULAR RESPONSE AND IMPAIRMENT
Intense exercise requires increased performance of cardiovascular system. Cardiac output increases four times in untrained and up to eight times in welltrained individuals [26] . This is due to both increased myocardial contractility and dilatation of muscular arteries. Exact mechanisms differ in static and dynamic exercise, as the vasodilation is more pronounced in dynamic exercise [27] .
During exercise, low oxygen and high carbon dioxide tension are considered to be significant vasodilatory mechanisms [28] . Low oxygen tension in muscles also results in increased release of endogenous vasodilatory substances such as lactate, adenosine, phosphate, K + and H + ions [29] [30] [31] , but of all these mechanisms seems to be of minor to moderate significance. However, endothelial nitric oxide and prostanoid production seem to be most potent local vasodilators in settings of physical exercise [32, 33] . Nitric oxide is also key mediator of hypoxia-induced vasodilation [34] .
The local vasodilatation is counterweighted by systemic sympathetic activation resulting in profound vasoconstriction in less laden parts of body. This vasoconstriction is usually capable to maintain the blood pressure even in extensive muscular vasodilatation. However, in cases of concomitant systemic inflammatory reaction and subsequent excessive vasodilatation, the circulatory system becomes incapable to maintain blood pressure. Following tissue hypoperfusion results in excessive production of local vasoactive substances and finally distributive shock develops.
Another way of increasing of cardiac output is mediated by increase in cardiac inotropy and chronotropy. This is mediated mainly by endogenous adrenaline, noradrenaline and dopamine via β-1 adrenergic receptor activation. It is a G-protein coupled receptor associated with the Gs-heterotrimeric G-protein. Activation of β-1 adrenergic receptor renders adenylate cyclase activated, resulting in increase of cAMP and following excess in intra-cellular Ca 2+ concentration. Myocardial inotropy is also augmented by cortisol. Glucocorticoids are traditionally considered to have catabolic effect. However, moderate and transient exposure also increases intracellular Ca 2+ concentration and thus improves muscular performance [35] .
Calcium ions enhance actin-myosin interaction and thus the intensity of myocyte contraction. However, high cytoplasmatic or sarcoplasmatic Ca 2+ concentrations also enhance Na + / Ca 2+ ion antiport. Resulting ion transport can activate Na + channels resulting in so called triggered myocardial activity [36] . Clinical presentation ranges from ventricular extrasystolia to polymorphic ventricular tachycardia, which may induce syncope or sudden death, even in otherwise healthy persons. In last years, several genetic mutations leading to catecholaminergic polymorphic ventricular tachycardia were recognized. Patients with this disease are highly prone to exercise-related death [37] .
Influx of Ca
2+ ions is also trigger of apoptosis [38] . During extreme exercise, high plasmatic levels of cardiac troponins suggest myocardial apoptosis or necrosis due to mechanic overload [39, 40] . This myocardial damage can be depicted using cardiac magnetic resonance by T2 weighted imaging and late gadolinium enhancement. These changes can be misinterpreted as first type myocardial infarction.
Excessive catecholamine activation in prone subjects can also lead in myocardial stunning [41] . As the density of myocardial β-1 adrenergic receptors rises from
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cardiac basis towards apex, the stunning usually manifests as "apical ballooning" of Tako-tsubo cardiomyopathy and ECG changes similar to transmural myocardial infarction [42] . Despite its temporary nature, the stunning often results in acute heart failure or cardiogenic shock [43] .
During intense exercise, thin-walled structures (eg. right ventricle and left atrium) have to withstand a disproportionate hemodynamic load [44] resulting in transient exercise-induced dysfunction and chronic remodeling with excessive fibrous tissue accumulation [45, 46] . That results in increased risk of both ventricular arrhythmia and atrial fibrillation [47, 48] and contribute to increased risk of sudden death in endurance athletes in comparison with lowintensity runners [49, 50] 
RESPIRATORY SYSTEM DISORDERS
Contrary to other body systems, respiratory system has only very limited capacity to adapt to increased demands, as widely described in patients in chronic hypoxia or after lung resection [51, 52] . Disorders of respiratory system are often limiting, especially due to exercise-induced bronchoconstriction (EIB) that also occurs in 20-50 % of athletes [53] [54] [55] . Possible etiology of EIB is anticipated to be mechanic or cold irritation [56, 57] , but usual triggers of bronchoconstriction, like allergens, infection etc. may also be responsible. Notably, increased ration of eosinophils in sputum is also detectable in athletes [55] .
Diagnosis of EIB is usually based on clinical manifestation and spirometry findings. A fall in the FEV 1 of 10% from pre-exercise value confirms airway obstruction. The intensity of the bronchoconstriction typically reaches its peak at 5 to 10 minutes after an exhaustive exercise and usually ceases about 60 minutes thereafter [58] . A distinctive clinical element of EIB is the so-called refractory period, visible when exercise is repeated within 1 to 3 hours with less of an EIB response [59] .
EIB usually responds well to β-2 agonists. Increasing of air humidity and temperature is also beneficial. Preventive administration of β-2 agonists is recommended, especially during exercise at low and subfreezing ambient temperatures [60] . Unfortunately, several lethal cases were recorded despite prevention and treatment [61] .
Other cause of hypoxemia and respiratory distress involve upper airway obstruction [53] , that is usually due to vocal cord dysfunction. Vocal cord dysfunction has been reported in 5-15 % of patients [62] . Hypoxemia also may be a result of exerciseinduced recruitment of intrapulmonary arteriovenous shunt pathways [63, 64] or respiratory muscle exhaustion.
MUSCULOSKELETAL INJURY
During intense exercise, muscles are capable of outstanding metabolic and vascular adaptation, as described in previous chapters. However, extreme exercise can result in rhabdomyolysis. In both civic and military settings, exercise is a leading cause of rhabdomyolysis, especially if accompanied by hyperthermia or exhaustion. However, exertional rhabdomyolysis is associated with lower rates of complications than other causes of rhabdomyolysis [65] .
Rhabdomyolysis is usually defined by serum creatine kinase of at least 10 times the upper limit of normal followed by a rapid decrease of the creatine kinase level to (near) normal values [66] . Clinical features are myalgia, weakness and pigmenturia. Acute renal failure due to acute tubular necrosis as a result of either direct toxicity and mechanical obstruction by myoglobin is the most common complication of rhabdomyolysis [67] . Risk of acute renal failure is imminent, if creatine kinase level reaches 250-330 μkat/l [68] . Predictive value of serum myoglobin is low, due to its unpredictable metabolism. Treatment of rhabdomyolysis requires intense hydration, treatment of possible hyperkalemia, hyperphosphatemia, hypocalcemia and urine alkalization to pH>6,5 [69] . In developed renal failure temporary hemodialysis should not be delayed. If rhabdomyolysis considered possible, nonsteroidal anti-inflammatory drugs should be avoided to minimize the risk of acute renal failure. In exertional rhabdomyolysis survivors the recurrence is low [65] .
Vigorous exertion is also harmful for joints. While single episode of excessive exercise causes common injuries and soft tissue inflammation, repeated physical overload results in cumulative damage of cartilage [70] . Subsequent osteoarthrosis is one of main sources of professional disability in military personnel. Various forms of exercise seem to be diversely harmful. The risk of osteoarthrosis increases with intensity [71, 72] or duration of ex-
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ercise [73, 74] . Exercise associated with repeated accelerations (soccer etc.) seems to be more harmful than sustained exercise or usual military training [70, 75] .
INFLAMMATORY RESPONSE
Exercise induces changes in the immune system depend on type, intensity, and duration of the activity. In general, exercise alters the distribution, trafficking, and functional capabilities of different types of immune cell, as well as local and systemic levels of various soluble mediators (interleukine (IL)-2, IL-4, IL-6, CRP). For illus-tration prolonged strenuous exercise is followed by a temporary functional immune impairment. Low numbers of CD4 + T helper (Th) and CD8 + T cytotoxic (Tc) cells are found in the circulation [76] , while overall leucocyte count can be remarkably increased [77] . Also reactive oxygen species are generated in skeletal muscles during activity which may lead to chemical modification of muscle proteins of importance for muscle function [78] . Many factors (mainly hormonal, nutritional, and inflammatory interactions) are probably responsible in increase odds for infection episodes during or following heavy training [79] . However, in well trained individuals and later after activity, there are compensatory and beneficial effects in immunity response [80] .
CONCLUSION
Vigorous and exhausting physical activity poses risk of severe health impairment. Even if such intense physical activity cannot be avoided, most of these health impairments can be prevented or minimized by simple medical interventions. Physical activity is also associated with distinctive physiological reaction, which can mimic various diseases. Distinguishing of physiological processes from pathological conditions is of paramount importance, as delayed treatment may result in life threatening complications.
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